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Efficient sampling methods 10 recover lead-containing house dust and hand dust have
been evolved so that sufficient lead is collected for analysis. and 10 ensure that correlational
analyses linking these two parameters (o blood lead are oot dependent on the sfficiency of
sampling. Precise collection of loose house dust from s I-unit area (484 cm?) with a Tygon
or swtiniess steel sampling tube connected 10 a portable sampling pump (1.2 to 2.5 lirery/
min) required repetitive sampling (three times). The Tygon tube sampling techaique for
loose house dust <177 um in diameter was around T2% efficient with respect 10 dust weight
and lead collection. A representative house dust contained B1% of its total weight in this
fracuon. A single handwipe for applied loose hand dust was pot acceptably efficient or
precise, and at least three wipes were pecessary to achieve recoveries of >80% of the lead
applied. House dusts of different partcie sizes <246 um adbered equally well 10 bands.
Analysis of iead-containing material usually required at Jeast three digestions/decantations
using hot piate or microwave techniques to allow at jeast 90% of the lead to be recovered.
it was recommended that other investigators validste their handwiping. bouse dust sam-
pling. and digestion techniques to facilitate companson of results across studies. The final
methodology for the Cincinnati longitudinal study was three sampling passes for surface
dust using a swinless steel sampling tube; three microwave digestions/decantations for
analysis of dust and paint; and three wipes with handwipes with ooe digestion/decantation
for the analysis of six bandwipes together. @ 1903 Acatemic Press. dnc.

INTRODUCTION

The relationship between lead contained in soil and in house dust and measures
of lead exposure in children has been the subject of many scientific investigations
in recent years (Angle er al., 1974; Barltrop er al., 1974; Baritrop, 1975; Brunek-
reef e1 al., 1981; Charney et al., 1980; Diemel et al., 1981; Fairey and Gray, 1970;
Lepow er al., 1975; Milar and Cooney, 1982; Milar and Mushak, 1979; Roberts
et al., 1974; Roels et al., 1980; Sayre et al., 1974, Shelishear, 1973; Ter Harr and
Aronow, 1974; Vostal er al., 1974; Yankel er al., 1977). Most of these investigators
have tried to correlate s0il or dust Jead with blood lead with little success. There
have been several reports on the correlation of hand lead to blood lead to support

-

the hand-in-mouth route of lead ingestion (Chamney er al., 1980; Duggan, 1980;
Lepow er al., 1975; Roels et al., 1980; Vostal e al., 1974). Indeed, Buchet er al.
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(1990). also found that ncus smelier arcas, hand levels uppearcd 1o be corveluted
10 body burdens of cadamum and arsenic. )

The casct coatributos of the haad-in-mouth routc for lcud absorplion is de-
peadeal o many faciors for cuch chuld; ¢.g.. behaviosal patierns, housiag con-
m.muulyolmudwcumhukdm surfaces and fullomt
from swtomobilc cxhaust, behavioral paticras of the chuld, and the MVMy
of the ingested metsd speces. However, the representativencss of the cavisos-
mmuvmmdauwm.mmmumauu
hand dusi must be demonsisaied before commelational results can be n‘uﬂ -

cMficicacy and represcatativencss of 1he washing or handwiping mcihod. (2)
whethes the hands are debberately Mbylkc&uubylnwcmlm
10 sampling (which 15 oftes beyond the iavestigators' control), (3) wiuch pans of
luh-lmpudmdu-hmmh.(l)mm;mwuenﬂy
dastribasted oves the surface of the hand, and (3) wipiag varying {rom iavesugaior
10 invesugaios. Vostal eg al. (1974) sreporicd even distnbution of icad on the hands
of macs-cuy chuldren. information o aay of ihese (actors was usually st peo-
vided ia published studies. .
mmdmﬂummhmm“ulyuvdvﬂamm
subjecive bul mot arburary proceduse. X-Ray fluorcscence data for punted walls
are commonly used as a guede. In addiion, Ihe activity area of the cw, lhe
peesence of lead-based paimt, and the intacincss of such surfaces, age and activily
of 1he chuld, carctaker -chuld interactions, dislance from roads, house cleankncss,
veatdation, hermuticity of the home, playmate activstses, and famdy sch_eddcs are
some (actors which should coatribute 1o the sclection of sumphiag jocations. Once
the samphiag siic has beea located, the surface has (0 be sampled cfficiemly. The
wnmdwk&erduoﬂypﬂdlﬁewm”mﬂumhm
should be or has beea coliecied has mever been demoasisated.
Wcundenookmmvcumw.co‘lheumﬂupmﬂc.nypﬂdlhls
prospective epidemnological study being conducied m Cracsnauti, Oho where a
mymadlheludumc(umny chuldrca in this area is thought o
be lead-based paat (Hammond e of.. 1980). We ultimatcly wish (o cgahluh
mmmm-mmmmuuueuu.mm..dmm
with blood. Thus repont coacerns the evolution of represeniative nd dl'u:yeul
nnpﬁuwchmnlaﬂouhmscmndlunddnxl.n_wcllnqmcl.d'm
u-lylicllm:lamwmdhdmwum.

MATERIALS AND METHOOS

To develop methods of known efficiencics. the following sleps were r.a_smcd
out: seleclion of represcatative dust, sy, paints, and surfuccs; optimization of
the analytical chemical method for bead in ol of these matikes, and oplimization
and chasaciernization of the sampling lcchniques for lovse (" "bivavailable® of
*chuid svaabic'’) floor sad lcdge dust, and hand dusl.

SAMPLE LEAD SOURCES L4

Selection of Representaiive Sumples of Sod, Dust, Paini, and Surfuces Jor
Sample Collechion

Sodds. To ascenun whether geologic or anthropugenic sources of lead were
present 1n the Cincinnali arca, Scpicsenlalive specimens uaconiasuaaled by an-
thropogensc aclivity and from a specific prehisionc age wese chosea (0 detcrmne
the cruntal buckground level for kead. The Cincinast: arcs has Mz Bgor Balive,
peologacal souls:

1lkncuss lake bed clay, weathered llinaa red uit glacl L. and uawesthored Mhasias
Pacial Ui, alt from 1he Plentoceas cia wome 108.000 years ago Maore apcieat sode Cams
from the Uppes Ordovican ers soms 430 suilon yeors ago sad wchuie nciwed lags
Sormetios shals wel, Fasrview farmaton hmesions sod, sad Kepe formatcn shals.

Appronimatcly 1-kg sampics from cach localion were gathered by o professional
gcologsl, Dr. Warrea Huff, University of Cincinaati, Depariment of Geology,
who sclecicd approprate sumpling locations for the colieciion of vugn samplcs
free of amhropogensc contaminstion. The samples were dised 1 & dusticss oven
ot 100°C ustil a consiant weight was achicved. Each samplc was thea processed
with mortar and pestle (metal-free poscelan apparatus) untd all of the sampie
passed through & 149-um brass sicve 10 peuduce rclerence house dust. Whatlield
in 1979 defined thus size fruciion as a dust sormally fouad ia ‘‘clean soom'’
cavironmenls. The sicved soul was tumble shakea for | day 1o casure usiorm
ming.

Dusi. Preumunary observatioas suggesicd that the appcasance of duty hands
was sssociaied wath dry, loose dust ascas raihes than with greasy floor arcas of
arcas of dry, encrusied dust or mud. This loose dust would be mobslc and could
be associated with detection of gh lcad levels i dusifall conmncers.

Several houses were sampled for house dust obtaincd as vacuum cleaner bag
coliccuions. Objects such as twigs, glass frugmeats. 1asects, aad paper were re-
moved on passing through a |-mm brass sicve. The dust was subincuonated
thiough cakibrated brass sicves (0 determune the particle sze distsbution. The
fracton (upproximately 1-kg) that pussed through 8 [49-pm sicve was relasned
as loose reference house dust.

Paini. Four sepreseatntive hugh-lcud paiats of diffcreat colors were oblancd
by mechansally sinpping the pamnt, shicing i, processing with mornas snd pestle
(metal-free porcelain apparatus), and finally sscving all of o Lough the 149-pm
brass sieve as above.

Represcatative surfaces were chosea 10 simulate Lhose expecied in study
homes. The wurfaces chosen were

black punicd woud table chipped and scarred (W0 x 48 cm);

tup of cabunct black pwated wood (36 X 63 cm);

shelf tastencd 10 » wall, white painied wood (60 x 23 cm);

unpanicd pine wood (17 x 18 cm);

finished pine wood (31 x 15 cm);

woud board with cracked green pant (29 x 35 cm),

vainished wood board (28 x 28 cm),

bluc und wiuic hnolcum (30 x W cm),
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dotted gray and wiuic hnolcum (30 x 30 cm);
rough sufaced whiic punicd wooden bowrd (12 x 12 x 12 cm);
iadoor - ouidoor carpel, mottled orsnge-ycliow-browa-whiic (30 x 38 cm); or-
angs plush pude caspet (30 X 38 cm).
Opsimiration of the Analytical Method jor Lead in Paints, Svils, and Dusts

Before sampling methodology was evaluaicd, # was accessary 10 dtvekyp -
w.muuyummmuwmwuyuuw
waiformly through sl substraic particle sizes.

ma:tm-aMMmMmuwkmlnyulu
Mmudm.w.m:.whﬂm. Among digestion mixiurcs
cvalunied were 1:0:1 HF:HNO,:HCI015 mi); 1:1 HNO,HQOO, (I3 mi); 3:2
HNO,:HOIO, (13 mi); 1:3 HNO,:HCIO, (10, 20 mi); 1:3 HNO, HQI (18, 29 ml);
6:2:3 HO:HNO/HCI0, (10, 20 al); sinc acid (18, 20 mi), and hydeochioric acid
0, 20 mi). AB Tefloaware (for HF digesiions) sad glassware were meial _&ee
(MW&!MM&:!WMMMM“@M
water). &Mmﬂudﬂuﬂlmummwm-u“
movauﬂhaﬁ-cw.ndlkwauimtnucmmw
free waich giasses (Teflon for HF-containiag solutions). Digestion, with mb
m;aumuumw.vummwdmhmmmmw
was evolved (usually | hr). The supernataat was isansfcrred (0 8 metal-free beaker
mnmﬂ-ﬁuhﬂmml.mwmwacvw.?&umﬂm
acud (wiv) (10 ml) wummmmmmumm.um
samples were refluncd pestly (waich glasses om beakers) for 5 min. The debne
acid was removed by melal-frce Mmm-mmmmucyu-
M.T’kww’wuuwumwwmemum

I-Ndcm:lommm‘.cmmmqumdnllode-
tcrmiae how many digestions were accessary for quaalilalive recovery. 'l\c_wnh-
ings were analyzed by atomic sbsarption spectioscopy af 283.) am wing an
acetylene (4 ers/miniair (18 liters/aun) Name and the catcrnal standard nelhod
The 1:1:1 HF-HNO,:HCIO, mistwe was uhilized (10 casusc that sny sdicate
maina was dissupied and 10 produce the refereace results.
Mustures of specific paiats, sois, and dusts ia knows weights were also ans-
z0d.
l’AM the oplimal digestion minture, aumber of digestions, and volumes had
MW.MWMdquwn‘._ngﬂ
evaposated just 10 dryness, and the ressduc ihen redissolved in Iﬁm“
(10 mi) as above for slomic absorption speciroscopy (AAS) saslysis.
To decrease analysis time, the CEM Corporation Microwave Drwnll)lncslm
System (MDS-81) was utilized 10 digest dust samples. Since the digestions were
pesformed in a perchloric acd fume hood, HCI could aot be used. Thus, 10 sl
of 5:4 HNO,. HCIO, was utihized in & program coasisting of holdimg a 25% power
. for 10 mun followed by 73% power for 10 sun and finaily |5 min ai 0% power.
The superaatant solution was then iransferred. This was repeated Iwo more times
aad all the supernalanl solubions were combuaed before evaporalion just to dry-
acss. The residuc was recoastituied as above s 10% susic aced for leadl saalysis.

SAMPLE LEAD SOURCES [1]

This microwave techngque ullows quick sample turauround Lime compared with
& hot plaie techamque. Control digeston austures were also amilirly annly2ed.

Sampling Techniques: House Dust

The pump wiized was a calibrated batiery-operuied Beadin Corposation, Ea-
vioameatal Scicnce Divisson Model BDX W) 1 persoaal sampler. Tygon S-39-
HL 1ubing, 6.4 mm 0.d., was used 10 connect the pump 10 the polysiyreas sam-
pling casselic, a 37-mm-dumcicr ihnec-pecce Acrosol Analyss Moasors cassetie,
preasscmbicd with a thua ccllulose support pad, 0.8-um muxed celulose ester
plam wiute filicr, and stoppers (Millipore Corp.), the thice sections being held
togethes with sa outside celiulose bund (Mine Safety Apphunces, Pant No. 62541 3)
or parafilm wrup. Five-centimeres tubing (Teflon, Tygon, polyveayichionde (3, 6,
9 mm i.d.)) was attached 10 the sampling port of the casselse 10 ascernan ihe best
tubing dinmcier and matcnal. The more wnflcusbic tuinag, ¢ 3., Tefloa and poly-
propyleac, requued a butt-10-butl yount made of Tygon 10 allow conacciion 10 the
cassctic. The sumpling end of 1he lubing was cwl al angles of 0, 30, 45, aad 60"
10 ascenaa the opimum >usfuce conlact anglc for sampling.

The initiad sampling cfficicncy detcrmumstions were perdormed oa a smooth
plastic contamer of dimensions 33 x 28 x 18 cam. Dusis (approximaiely 10, 20,
30, 40, 50, and 160 mg) wese deponicd as evenly as possible oa the surface by
pussing the reference house dust through a 149-um sicve while slowly moving
the seve S cm above Ihe surface. The surface was then sampled at 2 Mers/mun
by drawing the sampling lubiag over the susface (with the thumb on the spine of
the tubung) always in onc duecion, usually across the widest porioa from efs
10 nght (d nghi-handed). Thus procedure was sepeated five umes. Times and
weights of dust 1n the casselic and 1n the samphiag tubing afics cach puss were
noled as well as relative humudity, temperature, aad stmosphenc pressuse. Thus,
mass balance consuicrations alluwed cstimation of the sampling efficcacy, the
effcct of surface lowding, the optimum sumber of sweeps, aad the effoct of each
pump. The amount of icud collecicd was used as a check.

Siorage of sumple. The coliecied dust samples were stored (sloppers oa) wilh
and without dessccating Drienice in quan-size Zsploc bags (Dow Chemucal Co.,
Mudiund, Mich.) (0 assess storage siabduy. Casscites without dust ia them were
aba included as comtrols. The effects of soruge ntervals of up 10 2 moaihs were
asscssed by direct weighung.

Flow-rate dependence of sampling. Flow rates of 1, 1.23, 1.50. 1.75, sad 2.0
liers/min were used on the surfaces 10 ascertan the aflucace of Bow rate on the
sampling cfficicacy.

Influcnce of surfuce type on sampling efficiency. The represeataiive surfaces
were thea cvalusted by the optimized samphing arTangement. As above, five scp-
arate sampling passes were made over cuch surface. Alier the fifth xamphing pass,
a finul sumpling puss with s 20-ler/min pump was performed. Ia sume instances,
five pusses with the 20-hier/min pump were performed followed by oac pass with
e 2-hics/min pump. la unviher sel of expeniments, the sampling tubing was a 3
% J-cm-s.d. pecce of stainlers sicel o6, with the sumpling end compressed 1o ).3
cm wudih snd }-mm apenture. This was coanccled bult 1o bull o the casscite by
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whiag A weighed amount of sefcscnce bhouse dust (agouad 30 mg) was

mwumumuwuwumn.mmmdum
" was 1.9 lien/mua. . rom

Influcnce of perucle size of dust on sampling efficiency. Dust from s single

meMhylvmsmwwuuvdtmkwnMsdm

ia the following diameier () TARGES: “; M- 149, 149 17, 171-246; 2“;:91;

W1-03). mw'ah.e‘wub the optimaul lechmaque vw.
ros ohi hhﬁﬂuu‘y.mmmlmilq
mduﬂum.mc-‘.

Influence of particle siae on srangfer of dust conhcpda[s—l.“l. Knows

uws(msddmmmm.uu.mmmwwnum

pueu‘mlmmw»cudvupaﬂcu%m

remang weight.
Recovery ;:luu from sampling casseves. To analyze (he lead content in the
coleclcdm.lkm'uuuukﬂdlw- the cassciie 10 the beakes.
The conteats of the cassetic were riaed oul by isvigaiion wilh wnsh_ho_alcs_(lhue
n.us)co.mdudmnllednmu 10% mainc acud- ‘l'hewmumudwu
thea cvaporaicd just 1o deyacss 8t 100°C. The lad conicat was then found by
wuwAAS.mwmnxw::c dmwncm
and anal 204 by Lhe same mel was found.

lcp'n'uum'nnu of samphng house dust. A 1-usit square cmplate (484 cm’)
mwwummn-ﬂeduuum'uuwmmwmwm

Sampling Techniques: Handwiping
Haadwiping for icad has been reposied by Chammey ¢t ol {1990), Sayse ¢f d
(1974), Vosial ¢! al. (1914), and Chavalitmtikul ¢t ol. (1984). None of these -
vesligalons asscssed of documenicd the cfliicieacy of thew h y. Severnl
wmmﬂ:wmcv”duwmad“y: Wash & DlySdlCluhl
Mosst Towellenies No. 634910, Abco Nwe Cican Towletics, Wushkin's Hospual
Packetics; Wulgseen's Brend Wel Wiges; Leha and Fial's Wei Oncs, and Bubdy
Size Wet Oncs. Hand naws were also cvaluated: 0.1 o HNO, (Rochs ¢f ol..
1960). and 0 81% (V/¥) Zest soap soluton. A combinution of hundwipes
nanag was also evaluatcd. Thice diffeseat types of houre dusts were wiikized.
For the valulahon studics in Lhe labusalory, ihe human subsects (chuldren 3 10
10 yeaurs old and adults) thuroughly washed thew Rands wilh sosp and water. then
bloticd them dry OR & puper towel. The hands w
st HNO,. The acud solutin wis poured slowly over
wwm\-muudmwwwmcu&udbv a o
pndby.mundudwdmu ihe opcang

SAMPLE LEAD SOURCES 1)

(quantz-wic Ziploc) wiuch was utdhized to store the sample. The hunds werc agus

bloticd. A wesght (30 mg) of reference dust of kaowa lead contcnl was placed oa
the subsect’s palms with hands held over a plusic pad hacd with waxed weighing
puper. The dust was thosoughly rubbed onlo all hund surfaces by rubbing the
hunds togeiher for 30 sec. Nonadhcring dust was caught by the wazcd papes
whuch was -u-w.mmam«uummnuwmw
by sublraction.

For handwipes, one lowelictic per hand was uthized. The towelictic was va-
folded. Al haad surfaces up 10 the wrists and between the fingers were thoroughly
wiped using & rolaiive motion. The towelictic was then placed 1 the Zuploc quan-
size bag for storage. The wipes were repeated five umes. Afier the fifth wipe,
the hand was nased with 0.1 2 Minic acad as detailed sbove. For all thesc oper-
atwas, the wiper wore gloves.

Fuwms.lknnupwuumuﬂu‘ndewnhedwowfalu
0.1 s sutnic aced wash. The 500-mi solutwon was slowly pourcd over all swefaces
of both hands up 10 the wrisls, of the sohumwnphccdhlhch.n-llhew
placed 1 the bag with the hand waved back and forih five tlimes in the solutios.
This Nnsing procedurc was repeated four more times. Aftes the (fih nase, the
hand was subjccicd 10 ORC Wipiag &S Jdetmicd above for handwipes.

The nases wese traasferred 10 8 250-mi beukes. The plastic bag was nascd
(hrce times with dcomized waler, the washes were added 10 the beakes, and the
agueous solulion was cvaporated just 1o dryness. Unused bags were also simdarly
Myu‘.Themksndbolwudlhcbcatuwcnﬁnwdwuhlddlﬂ
Ultrex mitric acid from a Pusicor pipel. The beaker (walch giass on) was thea
placed on a hoi plate st llll’C(othnn.‘l\ecookdwlmmwulmskmdm
a 10-mi cylinder, the beaker was ansed with 10% aunc acd, and the nases were
nl-kdlolhccyhdct‘mvdum was made up 0 10 mi. The Oask was shakes
vigoiously and analyzed for lead.

Soap solulion nasings and washings were evaporaied in 8 250-ml beaker oa 3
hot plate st 100°C. Ten maliners of €:2:3 HCIEHNO, HCIO, mexture was added
10 the cooled beaker, and the sample was lcft overmght. The sampic was thea
heated for | e al 100°C (waich glass oa) and thea cvaporatcd s 10 drymess.
Nutric acid (10% (v/v); 10 mi) was addded, and the solution was peaily heated &
100°C for 2 mun and then wnnsferred 0 & gradustcd cyhader for lcad analysis.
The washung process with Iﬁmﬂmwlwmm. Sosp
and acid blanks were also fua.

Each handwipe wus placed ia a 50-m) beaker, the oplimum dagestion mixture
(13 ml), 6:2:3 HOLHNO, HCIO, was added, and digestion was camied out al
100°C uatil Ro browa gas wis evolved. The acsd was then decanted 10 & beukes
alicr ceatrfugation sl 700 rpm for 10 mus, the acud evaporaicd sl o dryacss,
and the resuduc was solubshized in 10 st of 0% ainc ocid as descnbed in the
secton on degestion. Thus proccdurc was 1ed five umes. Thus tedwous process
often touk up 10 8 week to compleie. To horica analysis ume, the CEM mcro-
wave uven was ubilized 10 CarTy out the digerhon.

In the final methund, cach hand was wiped thuce imes. and the sa handwipes
weic placed i 8 BA-m beakes to whab 3.4 HNO, HOW, s (10D =) was
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added. The miciowave oven was operated ut 10% pow

power for sa sdditional 1S mua, sficr which the w::mc: &:ceus:::edwn::?
aad Ihea processcd agun for 1S aua al 30% power. The beaker was transfers /
10 » hot plate and the acud just evaporated 1o drymess st 250°C. Afier covling, l::
Pesudus ws redissalved in 10 ml LO% miinc acid as sbove for lead analysss.

RESULTS AND DISCUSSION
Analytical Mewhods for Dust, Sod, and Pans

AN dagesuon muniuses gave the same lead
_ concentratuwns for the particular
:u. mlE aad du:. Tuble ‘I s'ho\v; some sample resully for soamicrowave
M“‘ '::'n’: ; s :u.nusod Susiure, the observed pescentuge of lead
pasat commecily with the relstive standasd ¢ RS
6:2:3 HCI:HNO,: HOY0,, 3.3% for 3:0 HCIL:HNO % fon HNO - AS e
.3 : : . and 3.7% fos .
:‘l'lods showed that paint and sodl required li:u vamu:“::
¢ required only oac. Thus, the finud method entied performung three 'ﬂcs
loas/decantations ‘
o ecantat ':o:n.:iumpk s. The oaly differeace for the more reaclive acid
hgesuca e, bl F.H_NO,:HCIO. aad 6:2:5 HCLHNO,:HCI0,, was that
. n:lm do.c:.ao:;ld.zm::nm >99% recovery of ol lud.‘(.)n diges-
aalal »e M08 auxtwes allowed >9% ;
c::.:;v:‘ .:‘.w..., \vh:h‘ hemsted by the fact that HC) could mmmmm“n
' . peschlonc acud fume hood. Nevertheless, for 1hi haique
:.:' ‘n:::),.HCl). muxiure gave the best results, but lhc.c m:l‘e“:huuw..:
e necessary Lo achieve >99% recovery of lead (Tabie 1). Lead vabue for
fepecicatalive punts cramincd (n0é all labulated) the "
were essenlually sdentical. Hisng fhese techasques
The ;u:l.y‘m of lead of the native scological sirala in Ihe Cincinnati area re-
vaM ‘_mlolowm g (the data from the §:1:} HF:HNO,:HCI0, digestion are
.Ml daia (rom 6:2:3 HCILHNO, HCI0, digestion ase provided in
pareatheses. data are capressed as sucrugrams Pb per gram sod): lliaossn

Courananon uf Leao Recoves D»TA.LE l NasS
Y FUR D fencnt DnGes1on Reacents ron
Pamnts, Ons Son, Ons HOUSSOUST, AND Owe Su/Paswy llun’o‘u.'." T

it aadinrs e

of lsad lennd hhom dygessmia wub

Sampls S.1:3 WO HNG, HOXD, 3.1 MCOHNG, (™Y 1.4 NG HCH)
" .
MM; ::.nn Wezem "10m
~ '"::: 1.3 2 08 [RIEX Y] -
:I :on * oo 0012 ¢ S ooz oem tarem
o s :: s Qe avi : sen2 100 2 000 Z
b s 1am ez 0¥ 1w
house dust 1eae 10 0m - 115 0m

'l?lmu-_dh‘.-lll Py subotrase
'(dx—u‘m‘-wn”

‘ Mesa SD of 1heon sophcass dotermummiomns

¢ Mo rowave moshed

—. ast esniysnd.

SAMPLE LEAD S0URCES ¥

Lake bed clay, 16.4 (14.9), weathered lnowus red it glacial UM, 22.9 (12.0),
uawcathered liimouan glacial Wll, 16.6 (10.5). fraciwed Kope (osmation shale sod,
22.2(22.6); Faurview formation hmerione sodl, 19.2 (18.6); Kope formation shale,
14.2 (12.2). The relative stundard deviatons (RSD) of ull the values were wilua
10%. The only two swils which gave differning results for the two digestion lech-
néiques were the uaweathered glacial Gl and the weathered lhaoun red silt glacial
1ill, for whiuch the degesiion muxiuse Rl Conlisaing HF was 63 und 3% efficiead
compaicd with a mean of 96.3 T 2.1% for the other sous. Thus, the Llls have
more sikcatc-bouad lcud. The results also show butie lead coataminalios occuved
dunag the drying, sicving, and digesiion Processes. Heace, the native geological
strats around Cancinnati Jo not exceed 23 pg Pbig soul and comirsbule o least 11
»a Pbig sod for all sod types. Therelore, lead valucs greater than 23 ng Pbig
house dust must be related 10 anthropogemc activily rather thaa 10 dust from
pnstine duts of the regioa. in both techniques, oaly 1wo digestions snd decan-
1alions were necessary 10 asccount for >99% of all icad. One digeshoa/decantalion
sccounted for >99% of the icud for all sampler excepl for fraciured Kope fos-
mation shale sod (#1%) and Fawview formation hmesionc sou 90%).

The refercace house dust sicved Into ils constitucsl sizes (caumeraled above
in the section on Influence of pariicle size of dust on sampling efficiency) gave
the lead conieni information contaned in Tuble 2. The concemtration of lend was
scacrally dcpendent of pasticle size, but most of the werght (ca. 75%) was
contancd i the fraction <149 pm. Thus, most of the lead was also coslaincd
s fracuon (77%). mlwm\slkwdlhlmm“lmm
dust.

For handwipe matenials, thrce successive digestions/decamtations were required
10 recover >M% of the lcad using the conventional hot plalc wei digestions and
the 6:2:5 HCL:HNO,:HCIO, minturc. The firsi digestion/decamation of a givea
handwipe maicrial removed belween 33 1o 66% aad (wo successive digesiions/
decaniations, 89 10 91%. Thus, the multipic digestion lochmque allowed twice

TABLE 2

Houss DusT PAanCLs Suza, Leap ConTing, ases Sammies EFCuncy ros Tub Orenass
SasrLing PaosocoL
Lent
consemd
Weght % of »e Pag Nicadm Samphag cflicicncy
Sise cange frachunaied dust waliscuonsted  far fracucasied Sust
(pm) dust fracion dust ")
<o4 " 1400 n «
“-" ] (11 ] b »
- M 49 "n» 40 n
177-24 bR 1000 ) o
246- M1 (Y] 110 56 3
wl-433 " (1] (X1 "
Unftactwnated dust 190 114z 1) e [Y]

* Standurd devinlwn
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ihe eflicicncy of 8 single digestion. The same resulls were observed for the mu-
crowave method wiuch utilized 5:4 HNO,: HOW, sad six hundwipes (theee from
cach hand). Howeves, the recovery of spiked sonic lead in the first transier was
M.mmdvmdmhwwmlkupduydlkndym
{4 b versus | week fos the conventional method). These results show that a single
mmmmm-yumummwh.wuuu*.
oven though recovery of spiked ameunts of ionic lead may be acceptable.

Sampling Tochaigues: For House Dust

llmlnuullhln“edﬁ'lal—nn-i.‘“l&muhqvnlhoui-d
sampliag coafiguration for passing the sampling tube over » smooth surface.
wmmmmsmmdnu-&mwwmuy-
propyicae and Teflos. Purthermore, compermively inaccessible surfaces such a3
window sills, corners, aad ledges could be sampled as well as Soors and other
large fiad surfaces. A 30 angle dod not allow eaough comtact air volume 10 be
pulied by the pusp whea the iubing was passed over the surface. A §8° angle did
mnm_qﬁcuqmldlkﬂdnm&muuw.
resulling ia incflicicatl sampling. A 0 angic did 80¢ allow » suclion 10 be devel-
M.Nmumu*huluulhbwnnwnudl.vh«ﬂ.
and it was mos! cfficient and sreproducible at 1.73-2.0 lter/min. the flow fate
mmuuwnmm.mmdmmmuw“
mmhemcllcwmuwudnnMOIobu. Thus, >80%
eoleclmeﬁaucylulhecusemwouum.kenawmdmu.
hu-ﬂdduhnhn.msmmouow.hxﬂyhyelnm.Thc
m“&uc«“hwmuwi;.ucuuluduuwcl‘u
MMO-;.MM&MMMWW.MGIR&
mnwumwuwhmymmimm.wuh‘
metal analysis. The changes 1n weight observed were caused by ihe progressive
tyumdlkuwuwmmm“mwtber.

lc\vnloudlhulhcfdluhulﬁmcdkclddlud»nuw.wh
hslmccolxu‘we‘uulkf&lwumwwwlkmdduu
u-pkd.(hcuoponionvuyiqﬁo-holﬂlwhvlomuloulumﬂedm
raage of 30 w0 100 mg. Most of the dust deposited on the sides of the causserie
due 10 elecirosiatic atiractions. Falter breakihrough as measured by placing an-
other cassetie behind the first one was bess than 0.1% of the sotal amount of dusi.
M.lmive 1ecovery techmque hid 10 1nclude secovery of alt the duss
i the cassetic and i some insiances for coliecied weights less than 30 mg, i
the Tygom tubing just befose the cassesie. The Iwo washing techaiques evalusied
for dust recovery (rom the casseite sad Tygom tubing before the cassetie both
save 100% recovencs with, however, the waler wuslung providing & relative pre-
Cisom of 10% ruihes thun 34% as obierved for 1he airic acid washung medium.

The tesults (0 sampling luose dust 0n representutive surfaces are shows in
Table 3. These effliciencies are in selative weght percentage of secovescd dust
and defins e cumulalive recovery by (ke five wipes as 1009 In il cascr. ot
least thiee sweeps were mecessary 10 (ecover reproducibly ut lesul 34% of 1he
recovercd dust (00 the 2-bici/ane pump snd alvo fus the 20 lics/mua pump The

T — —— —— - ——— — — - oo
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pand. | e thach, 1. woed basrd. varmshed. I cm thack, _ oth but d. 4, &
smooth; 5. wood buard, whuie paii. fough, 6. carpel, doariouidoar, 7, caspss, chng phush pis, 8,
woud, abic back pusnicd. chupped, and scarved, 9. tap of Cabenst, panied woed.

¢ Wuhout surfeces § sad §.

recovery for three sweeps was 91 = 6% (mcan 1 SD) for the seven surfaces
relative 10 five swecps of the 2-bici/mun pump The correrspondiag recovery lor
the 20-lter/min pump was 95 1 4%, aut signuficantly dficsent. On a recovery
bass, all surfuces gave siatistically cquivaleat valucs for buth pumps except for
swrfuce No. 7 (shug rug). For the 2-hici/mua pump, the rccovery for one samphing
puss on surfuce 7 was oaly 42%. a secasonnbic resull. Thus, one sweep was sol
sufficient 1o sample surfaces efficicnily. For the 2-hici/an pump, the recovery
for one sweep vaned belweea uround 41% (fos shag nug) to 7% (for wood boasd),
although the cliciency for susfuces | 10 6 1n Thbic J was 67 1 3% with s RSD
of 7.3%. in this casc. for surfaces | 10 6 contclanuns hnking dust levels 10 vlhes
purumeices (viz., blood leud) would not be chaaged Lace the precisos of re-
covery s Migh in spaie of aunophimal cfficicncy. Howeves, o the camphing ¢
Coemcy 18 Catremcly variable, IRcR (he Vbsasven COMECInOos wih biood lead Sught
e Jistuned Ul €YER Unicislaled

Even fur 1he O bici/min pump. (he 16cOovery fur oas swesp vansd brimess
3% (b shag rug) to BYS L val asided wunal buard). he tes overy bt surien 00

i r— . gy o p———
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) 10 & for one sweep wus 19 = 9% wilh & RSD of 11%. Furihermuse, the quan-
tlitalsve astuse of the recovery with five sweeps by the 2-hici/min pump on sws-
faces | 10 6 was demonsiraied by the fact that negligble amounts of dust were
fouad ia 8 cleaa cassctic whea the surfaces were swept aguin by the 20-lner/sun
pump. The 20-lucs/min pump had many disadvusiages: & was noisy, heavy, and
requircd has voltage. Furthermore, since the siudy homes very rarcly had plush-
pile carpet, (he hght, portable, quict sampling pump was ulilized with thice
sweeps of surfaces being performed (sampling time 5-7 min) over » 484-cm® area.
For surfaces | 10 6, the mean recovery for a three-sweep iechaique relative lo
five sweeps was 96 z 3% (mean £ SD). Thus was not say beties than for the 2-
Mics/mia pump 92 1 5%. The use of mulliple swecps aullficd the depeadence of
the collection efficiency and precision oa the type of sufuce sumpled, at least
for these sirfaces. Few house lead stwbics have reporied valulslion methods ke
those in the present study which casuse thal sampling efficicacy and precision
ase a0l mporiani, uncomttolicd variables when sampling surface dust.

The sampling resulls in Thble 3 are for loose dust <149 pm applicd on vanous
surfaces. Use of loose dust sumulated the most avadlable dust surfaces (0 a chald.
The acat sieps were t0 asscss of <149 um was a reabiaiic reference house dust
panicle size, 10 find ff the lcad concenirmtion varicd wilh particle size, sad o
chanacienie the samphing cfliciency of the optimized sumphing tcchasque for loose
dust of dfferent panticle sizes. These resulls are presenied ia Tuble 2. On » weght
basss, 76% of the pooled house dust composite comprised particle diameters < 149
pm. The fraciion 149 10 92 um coastituted oaly 13% by weight of the total dust.
The diameier range 192 10 8)) pm compaised 11%. As can be scen, the sampling
efficieacy dod aot decrease uatil diameters of 177 pm were exceeded, aad cven
the 177- 10 246-um fraction was sampled with 47% cflicicacy. Above 246 pm, the
sampling eflicicacy wus < 14%. However, whea the Icud content, the amount of
each size fraclion. and the sampling eflicicacy are Laken into account, the five-
sweep sampling protocol §os 8 58-mg dus! of size <149 pm would collect around
T2% of \he lead; fos panucles <177 pm. the cflicicacy was also 72%. The cal-
culuicd ovenall efficiency for coliecling icad in the uafractionsicd dust would be
ssound 62%. However, with cither thiee of five sweeps, the RSD would be less
thaas 10%.

The next sicp was 10 assess if the sumpling of a uail (484 cm?) area delincated
by a Picxiglas iemplate gave representative results for a typical carpesed surface.
The iwelve unit arcas yickicd & mean * standard deviation of 28 = ¢ mg dust.
Thus, samphing a uait arca appeared 10 be representative.

Al the sbove experiments involved the oplimum Tygoa tubiag configuration.
Results for 1he stanless siecl tubing modification are provided ia Thble 4. In spite
of (he vanution of susfuce Lypes, the recovery reaults ase similur 10 those for the
opimuzed Tygom tubing sumpler. Agiun. aficr Ihree sweeps, the RSD in cumu-
Iative recovery was 6.4% (compure 6.6% for theee sampling passes for the seven
surfaces 1 Thble ) for the Tygon sampler). This confirms that repelitive samphing
will provide precise resuls. However, the absolute recuvery for the stasnless sicel
sampler was 57 & 14% for five sweeps compared with 72% efficieacy from Tubie
3 for the Tygoa sampler (or 1he dusmetcs frachion <149 um.
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Note. Key W surfaces Senooth — ). bare wood (324 cm’), 2. ichaked wood (438 cm’), ), haclcum
(084 cm’). Rough— 4, shart carpet (484 cm’). 3, lang carpet (484 cav’), 6. pumied weed (484 co’).
* Five runs.

Recovery of Lead from Hunds

Tublc § shows the daia for the recovery of lead from the hands of childien of
age 3 10 10 ycars and (rom adulis using handwiping, handnaung. and & combs-
aation method.

1t 15 cleas 1hal results based on recovercd haad lead insicud of absoluie lead
secovery Can be masicading. since 100% recovery with respect 10 recovered lead
ofica ded not cosncide wilh 100% cflicicncy with respect 10 the BRowR mass
applied. Handwipe treatments |, 2, 4, snd § and hundnase treaiment § were a
this calcgory. Hundwipe tresiments 3 and 6, handnnse 7, and the combination
method trestment 9 were more cfficicnd. However, the handwipe matenal used
i ircatmeat 3 became unavaslable. For tresiment 6, four wipes for chuldica and
adulls were nccessary 10 achicve 9) & 4% taruhmciic mean t slandard devia-
1on) recovery of recovered lead conespunding 10 99 x 26% absolute efficseacy
in the cases where known amounts of lead were applied. Thice wipes for el
ment 6 for all chuldren uad adults was 83 £ 7% cflicient with respect 10 recovesed
feud; the RSD wus ¥% compused with 4% for four wipes. Euher thece or four
wipes is probubly accepiabic. Tabie 5 wlso shows that the laburatory expenments
deahing with known hand bead sciually simulaicd the recovery of hand lead from
children 1n hugh Jcad homes, where ihe quanuly of hand icud and the form of
hand icad was unknown.

The tresiment & hundwipe contaiacd walcr, SD uicohol 40, propylene glycol,
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at daflisrent houssdusts.

sorbic aced, sodium nonosynol-9-phosphate, Oleth 20, PEG/TS, lancha, disodium
mbmu.uw.mmanmmwcmw
was 322 cm’.

Most of ihe rescarchers who have published handwipe scchaiques have ulilized
only oae wipe or ane wash and have usually not provided documeniaion on the
efficicacy of theu methodology. Even if the lrcsimemt 6 handwipe had been used
By previous investigators in the same manncr as in 1he prescal sludy, the absolute
efficiency of lead secovery for one wipe would be 30 & 29%. a must underirable
result. This figure was compuied from Tablc 5 using the abroluie recovery for
one wipe as cakculated from 1hose expenments for whuch absoluie recovesics
were knowa. If one wipe of the hundwipes utihized i trcatments | 10 3 were
uhilized, the equivalent figure would be 30 1 (5%, sutistically indisiingusshable
from the results for trcaiment & because of the very puos precnwn Thus, ualess
three 10 five wipes ase performed, very poos piccwa i hand bead levels will
rosult ndepsadant of the typs of haadwips, sad probably 8ol caough lcad will

© —
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be coliccied for unalysis purposes in many cases. In additon, the poos precinoa
for one wipe meany thal contclsional analyses will ahyo have conesponding poor
prccisions, ualike 1 the house dust sampling (cchnique where & good precisos
fos one sampling was oblmacd w speic of an incflicienl method.

Whea one handrinse with 0.1 M HNO, was performed., the sbhsoluie recovery
wias 45%. Thus, thiee 10 five nnses urc ugain Recessary 10 approach an absoluie
efliciency of 70%. This probubly sigaufics 1hist part of the dust 1s cagrancd  the
huad and scquires physical rubbing fur removal. In all kkekhood, onc handnase
will huve more picCision than onc hamdwiping, although this test was aot explic-
Aly performed. 1t i cleas from Table 5 that recovery of hund lead depends aot
aaly on the type of handwipe or rinse bul slso va the aumbers of scpeistive wapes,
the latier fucior being Most importamt 10 casure that comparable efficicacics are
sttumed for deffcicnt hands. Since dilfereat investigators wipe with diflerent pres-
sures, clearly ull avestigatons should validate thew particular techaique rather
thaa ussume that recovery is quaninative of that (he amount deiecied is auo-
matically *‘biosvalable **

The combination method gives » satisfaciory recovery of 84%. However, siace
use of dedute autric aced was al cagerly wekcomed by the invesiigaiorns for humaa
sudies, handwiping alone was the tcchnique finally chosen.

The recovery of spiked ionic lead in the haadrnase solulions was always 98 o
9%6%. The lcad contem of handwipe matcruals vaned widely, reaching s high vidue
of 5 ng Po/g hundwipe for the handwipes of treatmenis 4 and 3. The handwipe
for ucatmeat & geacrally bad a ead value of <2 ug Pivg hesdwipe.

Dependence of Adherence of Dust on Particle Size

Once an adequute methad (handwiging; (reaiment 6) had been found for re-
covery of hand lcud, i was pussbic 10 assess of there was a particie suze depen-
dence of adherence of dust 10 Ihe palms of the hunds. These results are provided
& Thbic 6. Whea the (wo dusts of laspcst diameies (>246 um) are eaciuded, the

TABLE &
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average adherence is around 0.358 * 0.29%. or the maximum cupacily of cach

hand is 28.9 2 1.9 mg. Since most dusts <246 pm in ous study houses conlamed

~ 83% of the weight and 85% of the lcud (Tabic 2), the potcatial hund lead for o
dust which contains | mg Pb/g dust could be & manimum of 23 ug lead.

Values of up 10 2380 ng Pb recovercd from both hands of our study childrea
mply & summum PO content of ssound 4.3 mg Pb/g dust assuming cqual lead
distribution for both hands and (het the hand is the same sze us our adull subgect;
that is, the manimum capacity is 29 mg dusthand. Iif one fiager represents 12%
of the area of & hand containing 508 pg Pb, the amount of lead recovered from
the finges could be up 10 20 g assuming cqual coverage. If # is known from
observaison which part of a haad the child favors licking, thea the dust on this
area can be sampled quantitatively using the mulliple wipe techaique or can be
csumated assuming cqual coverage if ot enough lesd can be collected.

Sampling of House Dust on Greasy Susfaces

The method for dust sampling discussed above allows precise sampliag of loose
dust <I77 pm in deameter, which appears 10 comprise 81% by weight and §2%
of the lead conlamed in typical dusts from houses of cluidven (Table 2). To recover
larges diameier and ingrained dust, we applicd our handwipsag technique (five
wipes) (0 the foors just sampled by our optimized method for loose dust. One
wips was also sot sufficical 1o sample this type of surface. Obviously, each sus-
face will have s own type of icad loading, and sampling decisions for surfaces
with greasy dust and cacrusicd mud will depead on the siate of the deposit.
Quantuative sampling of lead in greasy surfaces preseats a research problem of
coasdesable defliculty. In any event, lead in loose dust is probably more avasluble
1o the chuld than in greasy deposits or encrusicd mud. The vacuum method is
sl .

The results of the efforts in our full ssudy 0 comvelate blood lead with hund lead
and hovee dust cad are beyond the scope of this paper and will appear elsewhere.

CONCLUSIONS

If a sampling method has the same cfficiency over all susfaces likely 1o be
cacounicred in a siudy, then corvelational analyses will aot be affected unless the
minimum deteciion level is mot exceeded. One wipe recovered | 10 82% of the
hand lead with & RSD of 42 10 0% uvespective of the type of handwipe. la
contrast, one samphing pass wilh the Tygon tube samples for loose house dust
with a"2-liter/nun pump recovered 63 t 11%, and one pass with a 20-lites/mia
pump recovered 76 = 12% oa the surfaces tested. Siace the psecision of sampling
hard, smooth surfaces was generally sccepiable, valid correlations would be ob-
tauned in spic of the relatively poor sampling cflicieacy. This would not be so,
however, if not enough dust wese collecicd 10 eaceed ihe desection lmit or if 1he
sampling efficiency were markedly dependent on the type of surface. Siace the
detasled aspects of sampling protocols, detads on types of surfuces, and a sueface-
specfic comparimentabization of eavironmental daia are rasely altempied or pro-
vided in published studics, the irue correlations beiween bloud leud. hand kead,
and house dust lcad can be distoricd by the vaswion inherent ia the samphag
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techaique. The biological meaning of the levels found on the foor and on the
hund depend oa the s Thaus, the chld may peeler onc area to others and
may suck a prefersed finges or pant of the hand. Use of the sirasieges prcsemed
here will manmmize the kikelhood of delecting the suspecied toxscant once hy-
gienic and prefesred arca consideralions are lakien so account.

The choice as to which house dust sampler (0 use, the Tygoa or siainless steel,
docs aot anse f correlations alone are being comsidered since both sample pre-
cisely o the repeidtive sampling technique is employed. As 10 the significance of
the absoluic levels, the type of surface determines the sgmficance of the data.
Oplically smooth surfaces are probebly best sampled fos avalable dust by the
siainicss sieel sampler snce s sampling geometry and the suiface are relatively
constant. If the swface has cracks or signaficamt sicep depressions into which
fingess of childeen could be poked. or of the surfaces have corrugations, ¢ g.,
some window ulls, thea the Tygon tubiag sampier is probably (avored sace Tygon
is Nexible enough 10 reach such places. The siainiess sicel sampler was the one
chosen for the surfaces in 0w study homes.

This study has showa that much vanasiion can be caused by aot choosiag 8
sampling method with a sampling cfliciency independent of susfaces ar by mot
being able (o collect enough icad for snalysis. The house dust samples were loose
and selatively available to the child. it was demoastrated thal loose dust particle
sizes €246 pm could adhere 10 a chuld’s hands. The study also showed that loose
house dust and loose hand dust could be sampled sdequascly by st least twee
repetitive samplings. The techasques developed hese asc also potestially usclul
for sampling bouse dust in homes acar smcltcrs emilling arsenic, cadavum, and
other noavolatile 1oxic compounds in acrosol form. The stratepses for cstablishung
samphing efficiencics are also pertinent 10 viher aseas: fosensic chemstsy, ¢ .,
for handwiping hands thal contact a gun, or assay dust and souls for paint chups
from car accidests; in occupational hygiene, for example, in foundncs; and ca-
visonmential chemistry, €.§.. a3scssing psobable exposure of chuldren who mouth
doonin-contuminaied soils. Jn any cvent, it is hkely that a muliipic wipe meth-
odology will have 10 be used for effeclive and seasitive sampling.

The preceding results have demoasiraled that house dust and hand dust sam-
phing icchniques have 10 be validated for cach investigutor before homogeacous
dala indepeadent of samphing hias can be obisined. The lierature contaas hittle
documeatation of the efficiencics of handwipsag or house dust samphag tech-
miques. A very recest sreport documeaicd that the Occupationsl Safety and Health
Adminisiration (OSHA) wipe 1est for lead containing dust <40 pm diametes using
filier paper vaned ia recovery between 31 to 212% for differest wipen on the
same smooth surface (Chavalinutskul and Levia, 1984). Mosiencd filier papes of
paper lowels were more effective 89 1 2 (mean £ SD)and 79 2 5%, respecuvely.
Fur porous surfaces hke plywood, the filicr papers and paper towels allowed only
38t Sand 35 2 5% recovery, respeclively. Adhesive surfaces were more effi-
cient for plywood (64 1 13%). These iInvestigaiors alho utskzed handwiping and
facewiping 10 assess if blood kcad could be coricluted 10 hand and face icad. They
dad not validate these lechmques (Chavalitnatikul s of., 1984).

Siace investigators have their owa lechmques and can wipe more or less -
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tensely thas in the presemt study, o is imperative that investigutors should valdaie
thew individual techaiques. For our particular methodology, thiee sampling
sweeps for house dusl, three handwiping pusses, three digestions/decantalions
for dusi, sods, and paint. and ons digeshion/decantation for handwipes unng &
microwave ovea techasqus wass adopied. These were the methodologies selected
os the loagsiudinal study.
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